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Inventor: Yuko Hinoura 

IPC: H01L 21/94, C23C 16/24, H01L 21/316 
Patent attorney: Yoshiyuki Iwasa 
Title of the invention 

Method and equipment for forming a pattern thin film 
Specifications 

1. Title of the invention 

Method and apparatus for forming a pattern thin film 

2. What is claimed is: 

(1) A method for forming a pattern thin film, 
comprising the steps of: 

introducing a first CVD gas and a second CVD gas, which 
is not optically decomposed by a decomposition absorption 
wavelength of the first CVD gas into a reaction container; 

irradiating a first light having a wavelength 
corresponding to the decomposition absorption wavelength of 
the first CVD gas onto a sample substrate secured in said 
reaction container along with irradiating a second light having 
a wavelength corresponding to the decomposition absorption 
wavelength of the second CVD gas onto parts of said sample 
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substrate, where patterns are formed; and 

forming patterns by products of the second CVD gas in 
a thin film surface produced by said first CVD gas* 

(2) A pattern thin film forming apparatus 
comprising: 

a reaction container in which a sample substrate is 
installed; 

a gas feeding means for feeding a first CVD gas and a 
second CVD gas, which is not optically decomposed at a 
decomposition absorption wavelength of the first CVD gas, into 
said reaction container; 

a first light source for emitting a light having a 
wavelength corresponding to the decomposition absorption 
wavelength of said first CVD gas; 

a second light source for emitting a light of a 
wavelength corresponding to the decomposition absorption 
wavelength of said second CVD gas; and 

an optical system for irradiating the light emitted from 
said second light source onto parts of said sample substrate 
where patterns are formed* 

3 * Detailed description of the invention 
(Field of the invention) 

The present invention relates to a method and an 
apparatus for forming pattern thin films, which are capable 
of producing pattern thin films having satisfactory properties 
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with ease in one process. 

(Prior arts and problems) 

In a prior art method for forming patterned thin films, 
in particular thin films each including patterns on the thin 
film surface, first, the basic process thereof is such that 
a thin film was formed, and a pattern was formed on the thin 
film surface. In the subsequent processes, processes such as 
etching, doping, and CVD (Chemical Vapor Deposition), 
oxidation were carried out. Therefore, at least two processes 
were required in the entire process . Further, the prior art 
method has a problem by which the thin film and substrate formed 
by the previous process were damaged by the subsequent 
processes. Recently, the necessity for multiple-layered 
wiring has increased in line with the high integration of 
devices, flatness, decrease in damage ratio, and/or 
simplification of the processes have been requisite. In such 
prior art technologies for forming pattern thin films, it is 
difficult to meet these conditions and requirements. 

A description is given of the prior art technologies 
with reference to one example thereof. An isolation technology 
for electrically separating a plurality of elements formed on 
a silicon substrate is an indispensable technology in high 
integration of devices and requires formation of pattern thin 
films, in the isolation technology, since projections and 
indentations generally are likely to occur in devices, a 



3 



FROM S. E. L. CO. , LTD. 2F NOl- - 



1999^123 68 (fl> 20 : 58/SW20 : 54/X*#^480 1 35 26 1 3 P 12 



process for flattening the projections and indentations is 
complicated, and there is a tendency for the devices to be 
excessively damaged. Conventionally, in general, a method for 
forming Si0 2 by selectively oxidizing polysilicon (Poly Si) 
was employed as the isolation technology. 

With respect to such a method, J. A. Appeles et.al. 
proposed a method for forming Si0 2 at only portions not covered 
with SijN 4 , by oxidizing after introducing Si 3 N 4 as a mask on 
the CVD with respect to poly silicon (Phillips Res. Repts. 25th 
volume, page 116). In this method, exudation into the lower 
part of Si-^, build-up of the oxidized portions, etc., which 
are called "bird's beak", are produced, and these factors 
become significant to hinder high integration and flattening. 
Also, re-distribution of impurities and/or generation of 
defectives due to oxidation for a prolonged period of time will 
damage elements. 

There is swami (Side Wall Masked Isolation) proposed 
by K.Y Chin et al., in which the abovementioned method was 
improved (Digest of Technical Papers, 1982, Symp. VLSI 
Technology, Page 28) . This method is featured in that reactive 
ion etching is applied, before oxidizing, on parts to be 
oxidized, whereby exudation and/or build-up of oxidation could 
be solved. However, this method became further complicated in 
processes, and moreover, another problem in which the elements 
receive an irradiation damage due to ion impacts was caused. 
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Further, there is still another method which is a silicon 
selection oxidation method using an XeCL laser in mixed gases 
consisting of oxygen and chlorine, proposed by Horioka et al. , 
as a laser oxidation method (1984, Dry Processing Symposium 
Draft Papers, Page 80). According to this method, since SiN 
is not required as a mask, the process can be simplified, but 
it is unavoidable that the use of chlorine damages substrates, 
wherein obtained film quality is porous. Therefore, it is 
difficult to apply this method to practical applications. 

Even though any one of either the prior art technologies 
is used, it is not possible to simultaneously meet requirements 
such as flattening of devices, reductions in the generation 
of damages, and simplification of processes in a production 
process of integrated devices. For example, an isolation 
technology is one of the great barriers in integration made 
by multiple-layered wiring. 
(Object of the invention) 

It is therefore an object of the invention to provide 
a method and an apparatus for forming pattern thin films , which 
are capable of producing pattern thin films by simple processes , 
which have satisfactory characteristics and achieve 
flattening and reduce the generation of damages. 
(Configuration of the invention) 

The invention is featured in that a method for forming 
a pattern thin film comprises the steps of: introducing a first 
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CVD gas and a second CVD gas, which is not optically decomposed 
by a decomposition absorption wavelength of the first CVD gas 
into a reaction container; irradiating a first light having 
a wavelength corresponding to the decomposition absorption 
wavelength of the first CVD gas onto a sample substrate secured 
in the reaction container along with irradiating a second light 
having a wavelength corresponding to the decomposition 
absorption wavelength of the second CVD gas onto parts of the 
sample substrate, where patterns are formed; and forming 
patterns by products of the second CVD gas in a thin film surface 
produced by the first CVD gas. . 

Still further, the invention is featured in that a 
pattern thin film forming apparatus comprises a reaction 
container in which a sample substrate is installed; a gas 
feeding means for feeding a first CVD gas and a second CVD gas, 
which is not optically decomposed at a decomposition absorption 
wavelength of the first CVD gas, into the reaction container; 
a first light source for emitting a light having a wavelength 
corresponding to the decomposition absorption wavelength of 
the first CVD gas; a second light source for emitting a light 
of a wavelength corresponding to the decomposition absorption 
wavelength of the second CVD gas; and an optical system for 
irradiating the light emitted from the second light source onto 
parts of the sample substrate where patterns are formed. 
(Preferred embodiments) 
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Hereinafter, a description is given of a preferred 
embodiment of the invention with reference to the accompanying 
drawing : 

The preferred embodiment describes an isolation 
technology which electrically separates a conductive 
polysilicon film formed on a silicon substrate by Si0 2 . 

The drawing is a conf igurational view of an apparatus 
for forming a pattern thin film. In this drawing, 1 indicates 
an optical CVD cell constituting a reaction container, and a 
substrate supporting base 2 is provided on the underside of 
the optical CVD cell 1, wherein a sample silicon substrate 3 
is disposed and fixed on the upper surface of the substrate 
supporting base 2. Low voltage mercury lamps 4 are placed one 
by one in parallel to each other at both sides upwards of the 
silicon substrate 3, so that the light intensity distribution 
on the sample becomes uniform. A synthetic quartz window 5 is 
secured on the upper surface of the optical CVD cell 1 . A light 
8 emitted from an ArF laser 7 , which is guided by a reflection 
mirror 6 is irradiated on the upper surface of a silicon 
substrate 3 through the synthetic quartz window 5. At this time, 
a pattern mask 9, in which an appointed irradiation pattern 
is depicted, and a synthetic quartz lens 10 are disposed in 
an optical channel, whereby a pattern of irradiation light can 
be formed on the upper surface of the silicon substrate 3 at 
an appointed reduction ratio. The low voltage mercury lamp 4 
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and ArF laser 7 are, respectively, used as light sources which 
optically decompose two types of CVD gases as described later. 
The wavelength of the emitting light 11 of the low voltage 
mercury lamp 4 being the first light source is 254nm, and the 
wavelength of the emitting light 8 of the ArF laser 7 being 
the second light source is 193nm. Also, a nozzle 12 whose tip 
end faces the underside of the synthetic quartz window 5 is 
a nozzle for blowing an N 2 gas to lighten the accumulation by 
the optical CVD in the synthetic quartz window 5, and 13 is 
a tank for supplying the N 2 gas . 

Two types of CVD gases are used in the preferred 
embodiment. The CVD gases use SiH 4 of 5% concentration as a 
supply source for polysilicon and Si (OC 2 H 5 ) as a supply source 
for Si0 2 . The SiH 4 being the first CVD gas is supplied from the 
tank 14 and is mixed with mercury vapor in a mercury vaporizer 
16 whose temperature is adjusted by a heater 15. After that, 
it is sent into the optical CVD cell 1. Si(OC 2 H 5 ) 4 17 being the 
second CVD gas is in a liquid state at a normal temperature, 
and is bubbled by an Ar gas supplied from the tank 19 while 
heating it to approx. 100°C by the heater 18, and is sent into 
the optical CVD cell 1. 

According to the abovementioned construction, although 
SiH 4 being the first CVD gas is decomposed by a mercury 
sensitizing method on the basis of light 11 of the low voltage 
mercury lamps 4, Si(OC 2 H s )4 being the second CVD gas is 
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decomposed by only a laser light 8 from the ArF laser 7. 
Therefore/ a conductive polysilicon film 20 is formed on the 
silicon substrate 3 by decomposition of SiH 4 , and at the same 
time, an appointed pattern made by Si0 2 21 generated by the 
decomposition of Si (OC 2 H s ) is formed on the surface of the 
conductive polysilicon film 20. The pattern is determined by 
the pattern mask 9. At this time, contamination in the 
conductive polysilicon film 20 due to Si0 2 , and the Si ratio 
at the patterned portion of Si0 2 21 are very slight, which do 
not constitute any problem. 

As described above, two types of CVD gases SiH< and Si 
(OC 2 H 5 ) are used, wherein by utilizing a difference in the 
characteristics in view of photochemical reactions, in which 
the second CVD gas Si(OC 2 H s ) is not optically decomposed by the 
decomposition absorbing wavelength of the first CVD gas SiH<, 
a light 11 pertaining to the decomposition absorption 
wavelength of the first CVD gas is irradiated on the entire 
surface of the silicon substrate 3 by a low voltage mercury 
lamp 4 , and a light 8 pertaining to the decomposition absorption 
wavelength of the second CVD gas is irradiated on only an 
appointed portion on the silicon substrate 4 where a pattern 
is formed, whereby it is possible to obtain a thin film 20 
resulting from the first CVD gas product including a pattern 
of the second CVD gas product, in one process. 

In a process for forming a pattern thin film, no process 
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requiring any heat, and no process requiring etching are 
necessary, wherein since only an optical CVD process, which 
minimizes damage is used, damage to the silicon substrate 3 
can be minimized. Further, pattern formation can be 
simultaneously carried out. Therefore, it is possible to 
flatten the surface of devices. 

The present invention may be subjected to various 
modifications. For example, the mercury sensitizing method is 
not necessarily required. It is possible to form an aluminum 
thin film having an Al 2 0 3 pattern by only using a direct optical 
decomposition. In this forming method , TMA and Al (i-OC 3 H 7 ) may 
be used as CVD gases. TMA absorbs and decomposes a low voltage 
mercury lamp light 11, and produces aluminum, and Al(i-OC 3 H 7 ) 
is not decomposed by the low voltage mercury lamp light 11 but 
may be decomposed by an ArF laser light 8 to produce Al^. 
Therefore, using TMA and Al (i-0C 3 H 7 ) as CVD gases and using 
an apparatus from which a mercury vaporizer is removed, it is 
possible to obtain an aluminum thin film on which Al 2 0 3 is 
patterned . 

Although, in the abovementioned embodiment, a light 11 
from the low voltage mercury lamp 4 is irradiated on the 
entirety of a silicon substrate 3, the irradiating portion may 
be limited to only an appointed area on the silicon substrate 
3. Moreover, the low voltage mercury lamp 4 may be installed 
outside the reaction container in the optical CVD cell 1. Still 
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further / although, in the abovementioned preferred embodiment, 
the present invention is applied to formation of patterns of 
insulative substances, it is also possible to apply the 
invention to formation of patterns of semiconductors and 
conductive substances. 
(Effects of the invention) 

As has been made clear in the abovementioned description, 
according to the invention, since an etching process can be 
omitted, it is possible to remarkably reduce damage in the 
devices, which are unavoidable as in the prior art pattern thin 
film forming methods, wherein exudation and build-up of pattern 
portions are eliminated, and flat pattern thin films can be 
produced. Still further, since formation of thin films and 
formation of patterns can be simultaneously carried out by 
using an optical CVD method, it is possible to form the above 
pattern thin films by only one simple process. 
4. Brief description of the drawing 

FIG. 1 is a conf igurational diagram of an apparatus for 
forming a pattern thin film according to the invention, wherein 
1 is an optical CVD cell being a reaction container, 2 is a 
substrate supporting base, 3 is a silicon substrate, 4 is a 
low voltage mercury lamp being the first light source, 7 is 
an ArF laser being the second light source, 20 is a conductive 
polysilicon layer, and 21 is a Si0 2 to form a pattern. 
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Patent attorney: Yoshiyuki Iwasa 
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